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SUMMARY 
Th is  r e p o r t  p rov ides  i n f o r m a t i o n  t o  p ro fess iona l  i n d u s t r i a l ,  s c i e n t i f i c ,  
and t e c h n i c a l  photographers as w e l l  as research personnel on f i l t r a t i o n  w i t h  
g lass  and in f ra red-absorb ing  and - r e f l e c t i n g  f i l t e r s .  Glass and i n f r a r e d  f i l -  
t r a t i o n  i s  a s imple and e f f e c t i v e  method t o  reduce t h e  r a d i a t i o n  heat t r a n s f e r  
assoc ia ted  w i t h  continuous h i g h - i n t e n s i t y  tungsten lamps. The r e s u l t s  o f  a 
f i l t r a t i o n  experiment conducted a t  t h e  NASA Lewis Research Center i n  Cleveland, 
Io u3 Ohio, a r e  explained. The f i g u r e s  p rov ide  s t a r t i n g  p o i n t s  f o r  q u a n t i f y i n g  t h e  
W e f f e c t i v e n e s s  o f  var ious  f i l t e r s  and associated l i g h t  i n t e n s i t i e s .  The combi- 
I n a t i o n  o f  a s p e c t r a l l y  s e l e c t i v e  r e f l e c t o r  ( h o t  o r  c o l d  m i r r o r )  based on m u l t i -  
l a y e r  t h i n - f i l m  p r i n c i p l e s  and heat-absorbing o r  i n f r a r e d  opaque g lass  r e s u l t s  
i n  t h e  maximum reduc t i on  i n  temperature r i s e  w i t h  a minimum o f  i n c i d e n t  l i g h t  
l oss .  The r e p o r t  recommends use o f  a vo l tage  r e g u l a t o r  t o  f u r t h e r  c o n t r o l  tem- 




Audience and Purpose 
Th is  r e p o r t  i s  f o r  p ro fess iona l  i n d u s t r i a l ,  s c i e n t i f i c ,  and t e c h n i c a l  pho- 
tographers as w e l l  as research personnel who need i n f o r m a t i o n  on f i l t r a t i o n  as 
a method o f  reducing r a d i a t i o n  heat t r a n s f e r .  The purpose i s  t o  determine t h e  
e f fec t i veness  o f  g lass  and i n f r a r e d  f i l t r a t i o n  i n  reducing temperature r i s e s  
associated w i t h  r a d i a t i o n  heat t r a n s f e r  from h i g h - i n t e n s i t y  tungsten lamps. 
Scope 
The r e p o r t  discusses g lass  and i n f r a r e d  f i l t r a t i o n  as a s imple and e f f e c -  
t i v e  method t o  reduce temperature r i s e s  associated w i t h  cont inuous high- 
i n t e n s i t y  tungsten l i g h t i n g  i n  high-speed mot ion p i c t u r e  photography. The f i g -  
ures p rov ide  s t a r t i n g  p o i n t s  f o r  q u a n t i f y i n g  t h e  e f fec t i veness  o f  g lass  and 
in f ra red-absorb ing  and - r e f l e c t i n g  f i l t e r s  i n  reducing temperature r i s e s .  
Because o f  t ime  l i m i t a t i o n s  methods such as vo r tex  generators and water-cooled 
f i l t e r s  a r e  n o t  discussed. 
Research 
A f i l t r a t i o n  experiment w i t h  g lass  and in f ra red-absorb ing  and - r e f l e c t i n g  
f i l t e r s ;  i n t e r v i e w s  w i t h  E r n i e  Walker, A NASA Lewis photographic techno log is t ,  
and J e r r y  L ing,  a NASA Lewis research engineer; and r e p o r t s  f rom t h e  l i b r a r y  a t  
NASA Lewis p rov ided t h e  major i n fo rma t ion .  
Background 
According t o  J e r r y  Ling, a con t inu ing  problem i n  high-speed motion p i c t u r e  
photography i s  adequate l i g h t i n g  and the  associated r a d i a t i o n  heat t r a n s f e r  
caused by t h e  h i g h - i n t e n s i t y  l i g h t s .  Large temperature r i s e s  above ambient can 
damage subject  ma t te r  and c rea te  an unsafe working environment. Because o f  
bel lows extens ion and t h e  necessary increase i n  l i g h t  the problem i s  compounded 
i n  macrophotography. According t o  E rn ie  Walker i n  high-speed photography t h e  
f i l m  i s  genera l l y  exhausted i n  l e s s  than 10 sec, w i t h  most high-speed work a t  
NASA Lewis r e q u i r i n g  1 t o  5 sec (approx. 100 f t  a t  a frame r a t e  o f  4000 frames/ 
sec i s  equal t o  1 sec). The g rea tes t  temperature r i s e  above ambient occurs i n  
t h e  i n i t i a l  10 sec w i t h  h i g h - i n t e n s i t y  tungsten bulbs.  Temperature cont inues 
t o  r i s e  a t  a reduced r a t e  u n t i l  an elapsed t ime o f  30 sec,  when i t  s t a b i l i z e s .  
FILTRATION METHOD 
I n  a l a b o r a t o r y  environment a h i g h - i n t e n s i t y  General E l e c t r i c  ELH tung- 
s ten b u l b  (300 W a t  120 V )  was mounted on an o p t i c a l  bench and at tached t o  a 
10-amp Powerstat v a r i a b l e  autot ransformer.  
o f  a cas t  aluminum chamber which reduced heat l o s t  by n a t u r a l  convect ion.  The 
chamber contained an i ron-constantan thermocouple t h a t  measured temperature i n  
degrees Farenhei t  through a d i g i t a l  d i s p l a y  ( f i g .  1) .  A M i n o l t a  Auto I11 F 
l i g h t  meter was used t o  measure i n c i d e n t  l i g h t  values a t  t h e  thermocouple 
plane. A l l  f i l t e r s  were manufactured by Mel les G r i o t  w i t h  t h e  except ion o f  
t h e  p l a i n  g lass f i l t e r s ,  which were stock i tems. 
F i l t e r  ho lders were placed i n  f r o n t  
Temperature data were recorded a t  a g iven d i s tance  o f  6 i n .  w i t h  no f i l -  
t r a t i o n  t o  e s t a b l i s h  a constant.  The lamp was opera t i ng  a t  t h e  maximum o f  
120 V .  I n  5 sec t h e  temperature increased 74 percent t o  132 O F  ( f i g .  2 and 
t a b l e  I ) .  The i n c i d e n t  l i g h t  reading a t  t he  thermocouple p lane was f /32 .5  
w i t h  ASA 25 and a s h u t t e r  speed o f  1/60th o f  a second. 
F igure 3 and t a b l e  I1  represent  t h e  s p e c t r a l  performance o r  t ransmi t tance  
c h a r a c t e r i s t i c  o f  t h e  Mel les G r i o t  0" and 45" h e a t - r e f l e c t i n g  m i r r o r s  (commonly 
c a l l e d  h o t  m i r r o r s )  and t h e i r  respec t i ve  s p e c i f i c a t i o n s .  The f i l t e r s  were 
" m u l t i l a y e r  d i e l e c t r i c  m i r r o r s  ... opera t i ng  on t h e  same p r i n c i p l e s  as i n t e r f e r -  
ence f i l t e r s  ( r e f .  l)." The v i s i b l e  spectrum was represented from 350 t o  
700 nm, w i t h  t h e  i n f r a r e d  reg ion  extending beyond 700 nm. 
s ten lamps generate extreme heat, approximately one- th i rd  t o  one-half o f  which 
i s  produced by longer  i n f r a r e d  wavelengths, according t o  E rn ie  Walker. 
H i g h - i n t e n s i t y  tung- 
A s i n g l e  0" h o t  m i r r o r  passed t h e  v i s i b l e  spectrum and r e f l e c t e d  i n f r a r e d  
wavelengths back a t  t h e  normal angle. F igure 4 represents t h i s  f i l t e r ' s  con- 
f i g u r a t i o n  i n  t h e  experiment. Table I and f i g u r e  5 show t h e  e f fec t i veness  o f  
t h i s  f i l t e r  i n  reducing t h e  r a t e  o f  r a d i a n t  heat t r a n s f e r  t o  t h e  thermocouple. 
I n  10 sec a temperature o f  129 O F  was achieved w i t h  f i l t r a t i o n  versus 163 O F  
w i t h o u t  f i l t r a t i o n .  This represents a temperature r i s e  reduc t i on  o f  26 per-  
cent.  The i n c i d e n t  l i g h t  value a t  t he  thermocouple plane was f /32.3 w i t h  ASA 
25 a t  1/60th o f  a second. 
The 45" h o t  m i r r o r  a l s o  passed t h e  v i s i b l e  spectrum and r e f l e c t e d  i n f r a -  
red wavelengths away a t  a 45' angle ( f i g .  6 ) .  This f i l t e r  a l lowed o n l y  a 
55 percent r i s e  above ambient t o  a temperature o f  121 "F ( t a b l e  I and f i g .  7 )  
a t  10 sec. This represents a temperature r i s e  reduc t i on  of  35 percent.  The 
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i n c i d e n t  l i g h t  va lue a t  t h e  thermocouple p lane was f /32 .3  w i t h  ASA 25 a t  
1 /60th o f  a second. 
Heat - t ransmi t t ing  m i r r o r s ,  commonly c a l l e d  c o l d  m i r r o r s ,  " r e f l e c t  v i s i b l e  
l i g h t  and t r a n s m i t  i n f r a r e d  ( h e a t ) ( r e f .  l)." Figure  8 and t a b l e  I 1  represent  
t h e  spec t ra l  response o f  t h e  Mel les G r i o t  0" and 45" c o l d  m i r r o r s  and t h e i r  
corresponding s p e c i f i c a t i o n s .  
t e s t  c o n f i g u r a t i o n  was n o t  p r a c t i c a l .  The lamp would have t o  be aimed d i r e c t l y  
i n t o  t h e  m i r r o r  and t h e  v i s i b l e  spectrum r e f l e c t e d  back 180" toward t h e  sub jec t  
p lane. The 45" c o l d  m i r r o r  r e f l e c t e d  v i s i b l e  wavelengths a t  a 45"  angle and 
a l lowed i n f r a r e d  wavelengths t o  pass through ( f i g .  9 ) .  Th is  m i r r o r  reduced 
r a d i a t i o n  heat t r a n s f e r  a t  10 sec by 54 percent ,  t o  106 "F versus 163 O F  
( t a b l e  I 1 1  and f i g .  10 ) .  
r i s e  above ambient had occurred versus a 146 percent  r i s e  w i t h o u t  f i l t r a t i o n .  
The i n c i d e n t  l i g h t  va lue a t  t h e  thermocouple p lane was f /22.8 w i t h  ASA 25 a t  
1 /60th o f  a second. 
The 0" c o l d  m i r r o r  was n o t  t es ted  because t h e  
A t  an elapsed t ime o f  30 sec a 47 percent  temperature 
The s p e c t r a l  response o f  Mel les G r i o t ' s  heat-absorbing g lass  f i l t e r s  i s  
represented i n  f i g u r e  11. The f i l t e r s  a re  "made o f  heat-absorbing o r  i n f r a r e d  
opaque g lass  ( r e f .  l ) . "  Table I11 and f i g u r e  12 show t h e  e f fec t i veness  o f  t h e  
Schot t  heat-absorbing f i l t e r .  A t  10 sec a temperature o f  105 O F  was achieved 
versus 163' w i t h o u t  f i l t r a t i o n .  This represents a temperature increase above 
ambient o f  o n l y  36 percent ,  o r  a reduc t i on  i n  temperature r i s e  o f  55 percent .  
The i n c i d e n t  l i g h t  va lue a t  t h e  thermocouple p lane was f /22.9 w i t h  ASA 25 a t  
1/60th o f  a second. 
The e f fec t i veness  o f  in f ra red-absorb ing  and - r e f l e c t i n g  f i l t e r s  was f u r -  
t h e r  demonstrated when they  were compared w i t h  p l a i n  g lass  f i l t e r s .  Table I V  
represents  the  data f o r  1 /4 - in . - th ick  p l a i n  g lass  a c t i n g  as a heat- reducing 
f i l t e r .  A low 11 percent  reduc t i on  i n  temperature r i s e  was a t t a i n e d  a t  10 sec 
versus a 55 percent  reduc t i on  f o r  t he  Schot t  heat-absorbing f i l t e r .  Combining 
t h r e e  0.083- in.- th ick pieces o f  p l a i n  g lass  reduced heat conduct ion through 
t h e  f i l t e r  and accord ing ly  a l lowed lower temperature readings. Table I V  shows 
t h a t  the  combinat ion o f  t h ree  t h i n  l aye rs  o f  g lass  reduced temperature r i s e  by 
18 percent  t o  a temperature o f  138 O F .  This  i s  s t i l l  much less  than the  tem- 
pera ture  reduc t i on  achieved w i t h  t h e  in f rared-absorb ing and - r e f l e c t i n g  f i l -  
t e r s .  The i n c i d e n t  l i g h t  value a t  t h e  thermocouple p lane was f / 3 2 . 2  w i t h  ASA 
25 a t  1/60th o f  a second. 
A s i n g l e  45" ho t  o r  c o l d  m i r r o r  i n  combinat ion w i t h  t h e  Schot t  heat-  
This  represents a temperature r i s e  reduc t i on  o f  66 percent  as com- 
absorbing g lass  ( f i g .  13) produced t h e  g rea tes t  reduc t i on  i n  temperature r i s e .  
A t  10 sec a temperature o f  98 O F  was a t ta ined ,  o n l y  26 t o  27 percent  above 
ambient. 
pared w i t h  the  temperature w i t h o u t  f i l t r a t i o n  a t  10 sec ( t a b l e  V ) .  
i n c i d e n t  l i g h t  value was f/22.3 w i t h  ASA 25 a t  l / 6 0 t h  o f  a second. This  co r re -  
sponds t o  a 1-1/3-stop reduc t i on  i n  l i g h t  i n t e n s i t y  a t  t he  thermocouple plane 
as compared w i t h  t h e  i n t e n s i t y  requ i red  w i t h o u t  f i l t r a t i o n .  
The 
Replacing t h e  Schot t  heat-absorbing f i l t e r  w i t h  1 /4 - in . - th ick  p l a i n  g lass  
was i n e f f e c t i v e  i n  reducing temperature r i s e  ( f i g .  14) .  A t  10 sec a tempera- 
t u r e  o f  116 O F  was a t t a i n e d  w i t h  t h i s  combinat ion ( t a b l e  V I )  w h i l e  a s i n g l e  
Schot t  f i l t e r  c o n t r o l l e d  temperature t o  105 O F  and a 45" c o l d  m i r r o r  t o  106 O F ,  
respec t i ve l y .  
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Another method o f  c o n t r o l l i n g  temperature r i s e  i n  con junc t i on  w i t h  t h e  
f i l t e r s  i s  t o  use a vo l tage  r e g u l a t o r .  I f  d i s tance  from t h e  l i g h t  source can- 
n o t  vary and o n l y  a l i m i t e d  temperature r i s e  i s  t o l e r a b l e ,  a vo l tage  r e g u l a t o r  
i n  combination w i t h  t h e  f i l t e r s  i s  e f f e c t i v e  i n  reducing the  r a t e  o f  r a d i a t i o n  
heat t r a n s f e r  ( t a b l e  V I I ) .  There was s i g n i f i c a n t  l i g h t  l o s s  a t  lower vo l tages.  
SUMMARY AND RECOMMENDATIONS 
F i l t r a t i o n  o f  h i g h - i n t e n s i t y  tungsten bulbs w i t h  in f rared-absorb ing and 
- r e f l e c t i n g  f i l t e r s  i s  a s imple and e f f e c t i v e  method o f  reducing temperature 
r i s e s  w i t h  minimum i n c i d e n t  l i g h t  l oss .  
tography g e n e r a l l y  requ i res  l e s s  than 10 sec t o  exhaust t he  f i l m  and t h e  major 
temperature r i s e  o f  tungsten bulbs occurs i n  t h e  f i r s t  10 sec, i t  i s  c r i t i c a l  
t o  c o n t r o l  o r  de lay t h i s  i n i t i a l  r a t e  o f  temperature r i s e .  S ing le  f i l t e r s  
cause n e g l i g i b l e  i n c i d e n t  l i g h t  l oss  b u t  a re  l e s s  e f f e c t i v e  i n  reducing temper- 
a t u r e  r i s e  than f i l t e r  combinations. Because o f  con tac t  res i s tance  between 
surfaces a s i n g l e  f i l t e r  composed o f  t h i n  g lass l a y e r s  r e s u l t s  i n  g r e a t e r  tem- 
pe ra tu re  reduct ions than a normal g lass f i l t e r  o f  equal th ickness.  These data 
i n d i c a t e  t h a t  in f rared-absorb ing o r  - r e f l e c t i n g  f i l t e r s  and m i r r o r s  reduce t h e  
r a t e  o f  r a d i a t i o n  heat t r a n s f e r  (heat  r i s e )  more e f f e c t i v e l y  than p l a i n  g lass 
f i l t e r s .  
f i l t e r  r e s u l t s  i n  a 66 percent  reduc t i on  i n  temperature r i s e  a t  a d i s tance  o f  . 
6 i n .  I n c i d e n t  l i g h t  l o s s  i s  kept  t o  a minimum - a 1-1/3-stop increase i n  
exposure. The f i g u r e s  p rov ide  p ro fess iona l  photographers f l e x i b i l i t y  i n  t h e  
complet ion o f  photographic assignments t h a t  r e q u i r e  temperature r i s e  c o n t r o l  
w i th  minimum l i g h t  loss.  
Because high-speed mot ion p i c t u r e  pho- 
The combination o f  a 45" h o t  o r  c o l d  m i r r o r  w i t h  a heat-absorbing 
Becaus 
t h e  f i g u r e s  
associated 
'e every photographic s i t u a t i o n  i s  unique, photographers should use 
, o n l y  as a s t a r t i n g  p o i n t  f o r  determin ing temperature r i s e s  and 
i n c i d e n t  l i g h t  values. ASA 25 and t h e  s h u t t e r  speed o f  1/60th o f  a 
second should be converted t o  a c t u a l  photographic needs. Because o f  extreme 
temperature r i s e s  and p o s s i b l e  s h a t t e r i n g .  g lass f i l t e r s  l e s s  than 0.083 i n .  
ca t i ons  cannot vary 
r i s e  i s  t o l e r a b l e ,  
gnated f i l t e r  combi- 
t h i c k  should n o t  be used. Because many photographic appl 
l i g h t  t o  sub jec t  d is tances and o n l y  a l i m i t e d  temperature 
photographers should use a vo l tage  r e g u l a t o r  w i t h  t h e  des 
n a t i o n  t o  reduce temperature r i s e s .  
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TABLE I. - TEMPERATURE RISE AT 6 INCHES FROM LIGHT AND PERCENT RISE 
ABOVE AMBIENT FOR NO FILTER AND 0' AND 45' HOT MIRRORS 
















45O Cold mirror Heat-absorbing glass 
Temperature, Rise, Temperature, Rise, 
OF percent O F  percent 
























-- -- 77 
22 94 22 
36 10 5 36 
41 111 44 
45 114 48 
47 116 51 








TABLE 11. - SPECIFICATIONS OF HEAT-REFLECTING FLAT 
MIRRORS 
_ _ ~  
Angle of incidence, deg . . . . . .  Normal (0) or 45 
Flatness, 1/25 mm (at 546 nm) . . . . . . . . . . .  1 
Dimensions, mm (50.2 mm) . . . . . . . .  50 x 50 x 3 
Substrate . . . . . . . . . . . . . .  Polished pyrex 
Coating . . . . . . . . . . . .  Multilayer dielectric Cosmetic surface quality . . .  80-50 Scratch and dig 
TABLE 111. - TEMPERATURE RISE AT 6 INCHES FROM LIGHT AND PERCENT RISE 
ABOVE AMBIENT FOR NO FILTER, 45O HOT MIRROR, AND HEAT-ABSORBING GLASS 



















TABLE IV. - TEMPERATURE RISE AT 6 INCHES FROM LIGHT AND PERCENT RISE 
ABOVE AMBIENT FOR NO FILTER, 1/4-INCH-THICK GLASS, AND 







































































None 45O Hot mirror with 45" Cold mirror with 
Schott heat-absorbing Schott heat-absorbing 
glass glass 
Temperature , Rise , Temperature, Rise , Temperature , Rise I 
OF percent OF percent OF percent 
76 --- 78 -- 77 -- 
132 74 90 15 90 14 
163 114 98 26 98 27 
177 133 101 29 103 34 
184 14 2 10 3 32 10 5 36 
186 145 104 33 106 38 
187 146 10 5 35 107 39 
Filter 
1/4-Inch-thick glass 
TABLE V. - TEMPERATURE RISE AT 6 INCHES FROM LIGHT AND PERCENT RISE 
ABOVE AMBIENT FOR NO FILTER AND 45' HOT AND COLD MIRRORS - BOTH 
MIRRORS IN COMBINATION WITH SCHOTT 
HEAT-ABSORBING GLASS 
1 Time,] Filter 
sec 
I I 
TABLE VI. - TEMPERATURE RISE AT 6 INCHES FROM LIGHT AND PERCENT RISE 
ABOVE AMBIENT FOR NO FILTER AND 45O HOT MIRRORS WITH 1/4-INCH-THICK 
OR THREE LAYERS OF 0.083-INCH-THICK GLASS 







184 14 2 
186 145 





























































TABLE VII. - TEMPERATURE RISE AT 6 INCHES FROM LIGHT AND INCIDENT LIGHT FOR 
VOLTAGE REGULATOR WITH NO FILTER AND FOR 45' COLD MIRROR AND 45O HOT 
MIRROR WITH SCHOTT HEAT-ABSORBING GLASS 











Voltage regulator in combination with filter- 
I I 
None 45' Cold mirror 45' Hot mirror with 
Schott heat-absorbing 
glass 
Temperature, Incident Temperature, 
OF I light, 1 OF 
f -stopa 
Incident 









































FIGURE 1, - TEST CONFIGURATION. 
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F I G U R E  3. - SPECTRAL PERFORMANCE OF 0' AND 45' HEAT-REFLECTING (HOT) F L A T  MIRRORS. 
(DATA FROM REF.  1 . )  
F I G U R E  4 .  - 0' HOT MIRROR CONFIGURATION. 
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FIGURE 8. - SPECTRAL PERFORMANCE OF 0' AND 45' HEAT-TRANSMITTING (COLD) FLAT 
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.6 1 .o 1.4 1.8 2.2 2.6 3.0 3.4 .2 
WAVELENGTH, p M  
(B) EXTENDED RANGE. 
CORRECTION FACTOR t l t2 .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.92 
DIMENSIONS, MM (k0.25 MM) . . . . . . . . . . . . . . . . . . . . . . . .  50x50~3 
PARALLELISM. ARC-MIN . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
MATERIAL. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  SCHOTT KG GLASS 
COSMETIC SURFACE QUALITY. . . . . . . . . .  .PITCH POLISHED, 8-50 SCRATCH AND DIG 
SUGGESTED MAXIMUM OPERATING TEMPERATURE, OC (OF) . . . . . . . . . . .  250 (482) 
(C) SPECIFICATIONS. 
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FIGURE 14. - TEMPERATURE RISE AT A DISTANCE OF 6 I N .  FROM LIGHT FOR 45' HOT MIRROR 
40 
WITH 1/4-IN.-THICK PLAIN GLASS FILTER. 
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